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Abstract. UsiIIg the total  electron content data obtained  by the Ulysses Solar Corona

l’;x]xrimcnt  (SC1~) during  the first solar colljoncticJ1k in somnlcr  1991,  two data sets were

sclcctccl,  one associated with a coronal hole and the other  associated with corona] streamer

crossings. in order  to determine coronal strea]ncr  density profiles, the electron  content of the

t,racking passes Cmbcdc]ecl  in a corona] streamer were correc.tcd for the contributiolls  from

coronal hole dc]lsit,ics. ‘1’hc  inferred strcanlcrelcctron  density profile has a radial fall-off

cxlx]]tmlt  of --2.4 for distances greater than 7 solar radii implying the acccleratio]l  of the

slow solar wind according to v(r) N r0”4. ‘1’hc accclcmtion  terminates Lcyolld  60 solar radii

ill agrcmncnt, with Hclios in situ observations. All raclial  electron density profiles itlfcrrcd

fronl  coronal radio  sounding observations, particularly during  times  of high solar activity,

are dolnil]ated  by coronal streamer co]ltributions. ‘J’hcy  arc applicable to corona] streamers,

cotifincxl  to a Iimitcd latitude range about the hc]iosphcric  current sheet  and they arc not

rcl)rcscntativc  of a large scale mean coronal electron density profile.  A si]nilar analysis of the

corona] ]1o]c’  electron content data was not uncquivoca]]y fcasib]c  due to a lad of data. ‘Jihc

coronal hole tracking passes corrcctcd  for contributions fro]ll corc)nal  streamer areas display

]arp;c clcctro]]  content and density fluctuations. Assoming  thai  thclowcst densities rcprcscnt

typical hole clc]lsitics  and com])aring tl)cse  with streanler  densities at tllc same distatlce,  the

st,].(~;l]]lc]-tc)-]lole  dclisity  ratio is found to bc a farior  of tell, whit]] agrcws with wllitcligl]t

coro])a~raph  rcSultS.



Introduction

‘J’hc Ulysses Solar Corona  l’;xpcrimcnt (S0;) was pcrfornlcxt during the first solar

conjunction of the lJlysscs  spacecraft from 1991 May to September. ‘J’hc corona was sounded

for distances of the proximate point of the radio ray path from about 4-40 solar radii (lt~) on

both sides of the solar limb. A dctailcxl  description of SGl~ may be found in l]ird cl al. (I 992),

the results of the dual-frequency ranging observations in l’titzolcl  et al. (1 992) a]id IIird et al.

(1994).

‘J’hc goal of this sl,ucly is the determination of the clcc.tron  density and accclcratic)n

profile of the solar wind in the inner corona itisidc an equatorial coronal hole and the

st,rcamcr  belt.  1 )ensitics of the inner solar corona were inferred from white light coronagral)h

ol-mrvations  inside 5 ]1~ (e.g., Skylab: Munro  &7,  Jackson, 1977; Guhathakurta  &z llolmr,

1 994; Gul]athakurta.  et al., 1996; Spartan 201: Gullathakurta  & l~ishcr, 1995;  l(’is]lcr I!’.

Gu hathakurtii,  1 995). ‘J’he closest in sit71  observatiolis  of the density  in the inl]cr  hclios])herc

wcm made with IIclios  outside  60 l{~j.  Sounding the solar corona, wit]) spa~c~ra,ft  ratlio signals

during supmior  solar conjunction is one of the fm tccllniqucs used to close the gal) Imtwccn

tllc white  Ii.gilt and the in silu  observatiolis  (e.g., ‘1’yler  ct al., 1 977; Muhlman  L; Anderson }

]98]; Anderson cl, al., 1987; l{risllcr  ct al., 1991; J~ird et, al., 1994; l’iitzold ct al., 1995). A

scl]ar  wind SIXWCI l)rofilc  was derived from electron dcnsiticw  detcrmincxl  duri[lg the Viki]lg

solar conjunction (Muhlcman  & Anderson, 1981 ) without dist)inctio]l  between corona] holes

and strca]ncrs. Spectral broadcnilig  was uscxl  to clcrivc  s]mcds at 1.7 lt~ (Woo, 1978) and

flow spmds  of a CM14; (WOO & Armstrong, 1981). ‘J’wo-station  c.orrclations of sci]]tillatillg

s])acccraft  signals Ilavc  provided additio]lal  vc]ocity  estimates at tllrsc  intcrmcxliatc  solar

distances (e.g., Armstrong L; Woo, 1981).

Obscrvations  of the intcrplane.tary  sc.illtillation  (11’S) of co]n])act natural raclio sources

ran  also be used to estimate  tl]c solar wind vc]ocii,y (Armstrong ct al., 1986; Grail C( al.,

1996). ‘J’hc source signal is sc.att,cml by clectroll d~nsity  irregularities moving wit]] tllc solar

wincl so that t,hc signal  intensity varies witl]  time and I)osition  at the l(;arth  (e. g., Armstrong

and C; OIPSI ]972; C;OICS and Kauflnan,  1978; Armstrong ct al,, 1%S6,  Grail ct al., 1996). 11’S
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latitudinal ccmragc is bcttm, because there arc many sources at various clongatiolls  to the

ecliptic. latitudinal c.overage using occulted spacecraft signals depcncls  on the spacecraft’s

intcrp]ancta.ry  orbit.  Significant latitudinal dcpcndcncics  ill spacecraft coronal sounding data

were observed with Viking (Tyler  et al., 1977; h4uhlcman and Anderson, 1981)ar~clcl~i?i1~gtl~e

seco~]d lJlysscs conjunction in l~cbruary/Marcll

Coronal Sounding Observations

1995 (1’SLZOICI  ct al., 1995; IIird et al., 1996).

I

‘1’hc nominal SCE radio system configuration was to trausmit  two downlinks at, S-band

(2.3 G1lx) and X-band  (8.4 Gllz), both of which were phase cohcrcnt  with the $lmncl  u])link

at 2,1 Gl]z, ‘1’hc  “observable” is t,l)c diffem]tial  g;rou]) delay time AT, the delay of tllc S-band

r:lnp;illg  C.OCIC  dative to Lhc X-band  COCIC. ‘J’his  difl’crelitial  group delay tinlc is directly

])roportiona]  to the total  clcctroll content Nl, the i]]tcgratcxl  electron dcmsity  along tllc ray

path (e.g., IIird ct al., 1994):

[ 140.31 1 1
AT= - - ------- . . . !

c J; j~. “1
(1)

w]lerc c is tl~e SIXXX]  of ]ig]~t  and fs and j~ arc the s-band  and X-band carrier  frcqumlcics,

res])m.tively.  ‘J’llc total electron contcnt,is  clofincd  as:

(2)

with IV(r) tltc electron density along tllc ray ]mt]l at the distance r from the Sun al]d s is tl]c

lc~igtll  of the ray path  from spacecraft tothcl’;arth  (scc I’igurc 1) [ ‘-:--l~igurc  1-. —

‘J’o a rough approximation, I,llc electron density distribution is often takc]l  to l~c sl)herically

sylnmct,ric and clcpending  on radial  dist, ancc according to tlic illvcrsc  square law:

[1

1{0
 2

jv(?’)=lvo.  -.f }- (3)

with iVo I,l)c elcc.tron  dcmity  at 1{0 (see also l’ig. 1). in this case the ilitcgral (2) is si]np]y

give]]  by:

(4)



where }{ = u o sin(SU}~)  is the closest approach distal  ice of Llic radio ray path to the SU]I (solar

ofht).  l~rom (4), it is clear that  NT’ w 1/–1.

‘J’he elcctro]]  density, howc.vcr,  may deviate slightly from the r- 2 law am.orditlg  to:

(5)

1-7 al]d ~]lis  sc’~II~s to bc! SU])])OI~C!d  by IIla[lJ’III this cascthctot,a]  e l e c t r o n  c o n t e n t  Arl’wli-

coroIIal  sounding observations (e.g., Muhlcma.n  & AndcrsoI], 1981; Andcrsoll  ct al., 1987;

Krishcrct  al., 1991;  l’5tzoldct  al., J992; llirclcta l., 1994). llo~i’cvcr,  al>asica ssulll~)tioti  in all

these cases is asphc,rically  sy1]3]]lctrice  lcctro]l dculsity  distribution acc.ordins to (5) alo]lg tllc

mtim ray path from the spacecraft to the ltarth.

‘J’l\einfcrrcd total electron contcllt  asa function ofsolaroflsct  ill the rangc4  to 40 lt~

froln tl)c LJlysscs  1991 solar conjunctio]t yielded t,wosi]lglc power laws wit]l  radial fall-off

cxpo]lmlts being Q = —1 -- -y = –-1.54 ~ 0.0.5 and a = - 1.42:10.05  for inp;rcss aIld egress,

rcspcctivcly.  l“ollowing  (6) and (5), the clectro]]  doasity  in this distaucc  rangy should follow a

sin{:lc  power law with radial cxponclll,s  of – 2.54 slid –2.42 for i]lgrcss  and egress, res])cc.tivcly

(Ilird ct al., 1994)

ltird CL al. (1994) identified the location cJftlle I)roxiI]l:ltc  ]~oilltsoftllc  radio ray paths

])rojccted c>lltoa  sollrcc sllrface ]]la])oftllc  SLlll. It turned out I,hatthesc  mostsignific.ant  parts

of tllc ray paths were cn)bcddcd citllcr ill magactic.  I]lonol)olar  structures (corona] lIOICS) or ill

the dcmsc coronal structures of the hcliosphcric currclit  sheet (streamer belt).  ‘J’ho streamer

belt crossings could bc seen as dcviatio]ls  from t]]c single ])OWCI’  law of the total electron

Conlcl)t.

Dual-frcqumcy Ranging Data  Analysis: A Ncw Approach

I

A ]norc clctailcd  analysis of tllc tracking ])ass projcctioas  o])to tl~c source surface ]nal) aILd

tllc Mau]la], oa white-light synoptic maps reveals that tl~c raclio ray path crossed a series of

llolc~/strc:\l]lcr  bo~l]~darics\vitll  tllcir rcsl)cctiv(!lo\\/lligll  dc!witics  (ltigurc  2). ‘I’IIc IIoIc  and



G

streamer rcgiom  contribute clifferclltly

C.ont(’llt.

l,ct us define a coronal  I1oIc and a

by dcmsity  and clistancc  tothcobserved  total  clcctrol]

[---” “--:l’igure 2—.. —

coronal strmmcr tracking pass if the proximate ])oint of

the ]mth to thcSun  is locatccl in acoroaal hole and a coronal strcamcrj  respectively. 11’or  this

study,  two data sets were selected,  wllcrc the proximate ])oints  of the ray paths arc associated

with a coronal hole or with the vicinity of the hcliosl)llcric.  currcllt  sheet (inside ~t-20° relative

to l,llc  llm).

‘I’hc following assum])tions  were madcin i,his  study:  (a) tllc solar wind is Limodal, t h e

fast, a]td slow wind origin atcfrom  coronal holmand tl~cstrc:i]]lcrl~clt,  rcslmctivcly,  (1)) the

]Joundarics Lctwcwn these two solar wind t,ypcs  arc sharp  and (c) i,hccoronal  structures are

stationary for the time  of the observations wliich  were Inadc ovrr  orIc solar rotation.

l~igurcs3  and 4 show t,hegencral  georl]c’trics  folaco]o]lal  strramerand  a coronal IIolc

tracking pass, mspcctivcly. la both fi.gurcs thestrca]ncr  is the shaded region with boundaries

L2 allc] h,j 01’J5. l“urt,hcr]norc, it is assulncxl  that tllc radio ray pro]) agates  I)c)th through sc)lar

wi]]d rcgio]ls  where  the solar wind speed is constant  (accclcratioll tcr]ninatcx]) aad  where tllc

solar wi]]cl  is still acc.eleratcd, the density  ])rofilm  l~cillg  givcm by (3) and (5), mprctivcly.  ‘1’hc

l)ounclary  of the solar wind acccleratio]l t,cr]ninatio]l  of each stream can be c.alculatcd  by (SCC

also ]~ip;.  1)

[1hi= arcsin ~~, --- S111< fO1’ b~<b]~ (7)
1

or by

hi=- ll/’t51J  -

wlIcrc the il]clcx i == h,s stands for ., L

l{efcrring to IJig. 3 as an cxalnple,  tho contril)utio])s to the total clec.trou  colttc’lit  in a
[ ..::l:’igtlre  4

coronal streamer tracking pass are:

● tlIc integrated electron density ])roportiona]  tc) r- 2 along i,l Ie ray’ pa th  clnbcddcd  ill tllc

corona] hole from lJlysscs to tllc ])oillt  I?}L along tllc ray l)ath where the acc.cleration  of

t,lle fast stream is ter]ni]l:itccl  (de]lotcd  61). ‘llIIC boundary bl ON the ray lmth is locatcxl

at a distance ltl, from the Sun, and wasdctcrlnirlcd  using (7).

I
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the integrated electron  density alons  tliat }mrt of tllc path embedded ill the accclcwation

rep;ion of the fast  stream proportional to r- 2- ‘)L (from LI to Lz). Lz also marks the

boundary  from the hole into the streamer  region.

the inl,cgratccl  clm.tron  density along that part, of the path embedded  in the rcgioll of the

slow stream proportional to r ‘ 2 ( f rom Lz to L3).

the integrated electron density along that part of the path  cm bcdclwl  in the acc.clcration

region  of the slow stream proportional to r - 2–~S (from L3 to b~). ‘J’lic boundaries b3 allcl

b,l on the ray path arc located at a distalLcc  lis from the Sun, and were dctcmnined  using

(7) and (8), rcspcctivcly.

the integrated e]cctron density along that part of the path cmlmldcxl  in th~ region of the

slow stream proportional to r- 2 (from L4 to L5). b~ also marks tile boundary froln tllc

st, rcamcr  into the hole rcgioll.

the inl,cgratecl  e]cctron density along that part of tlic path  cmbcddcd  ill the acccleratioli

region  of the fast stream  proportional to r ‘2–T}’  (flOlll  b~ tO bG) . ‘1’llC  l> OUll Cl~ll’y L(j 011 tllC

ray ]mth is located at a distance 111, fl-om the Sun, and was dctcmincd using (8).

tllc integrated clcctroll density proportional to r
-2 along tlIc ray pal,ll  cn]lddd  in t,l Ic

coronal  lIOIC froln bG to the l’;arth.

lJsing the gcomctrics  in l~ig. 1, tllc total electron colltcnt  is i,lim)  givcvl  by:



(9)

W]1CIY2 (]~h, ]~s) UC ~hC hdiOCCll~I’k dkhllCCS  W’])(2I’C  thC2 acC.dCratiO]l  Of thC faSt Or S]OW WiI)[l

tmnlillates,  (y~, ~.) are the deviations of the radial cx~)oncnts from tile r-2 density distribution

for the coronal 1101c  and the coronal streamer insiclc  the ac.cdcratioa  region } ant] (N),, N.) arc

‘1’his (gmicral  but still simple) cwamplc  dcscrilm scvca diflcrent  regions con-

Lributillg  to the obscrvccl total electron content. lU this study up to four boundaries

(stlca*)lcr/llolc/strealllcr/llole/strca*]ler)  with up to elcwcn diflcmmt  contributing regions were

uscxl. If 1/ > lilt (b] > hz or & > LG ill Fig. 3) the radio ray newer crosses tile accelerat ion

regions of the coronal hole. IJurthcumorc, if li < 1/s (Iq > LS or b<l > LS ill Fig. 3), the ray may

never c.rossstrealncr  regions with comtant  slow wind speed. III these  cases so]nc of tllc rcgiolls

ll:lvc7elowi  cltllallcltl  lcirrcs~Jcctivcil  ltcgralsto  1~otco1ltril)lltcill  (9).

in order to determine the c.ontributio]l  of the corol]al  hole clcmity to the total  electron

colltcmt of a specific radio ray path whose proximate point lies  illsiclc  a coroual I1oIc, the

olmrvccl  total electron content  N7’ Inust hc corrected for the contribution(s) of tile density

]Iot co~lncctcd to that coronal hole, i.e., that segment of tllc ray path illsiclc  the lligll clcl]siiy

strca]ncr  region(s). ‘J’his  wasdonc  by first ]jrojccting  the ray [mtll  o]]to the the Mli3 white

light syl]optic maps of the IIigh Altituclc Obsc.rvatory for Carringtoll  Flotations 1845 a]td 1846,

overlaying aclclitionaliy  l,hc Stanford Source Surface L4a1j from tllc \Vilcox Solar Observatory,

alltl  then clctcrmilling the Charring Lon lc~ligitucles  of the boundaries  Lc?tween  tlIr hole aJ]d the

streamer areas (SCC l“igurc  2) which wcm assumed to bc the intersections of the ray IJath

pr(Jjcctiolls and the 100 p]] lillcs  in the Mk3 mal)s.

IIy assutnillg  initially It., the radial exponent  y~ of the clectrc)n  density in the acceleration

rq,ion  of the slow solar wind stream  ant] a typical electron dcasity  of tllc slow wind N~ at 1

All,  t,]lcintcgra]s  of tl)cst,reamcr rcgio]ls  call  bc SOIVCCI  a])cl this csti]lla.tc  is subtracted frol~l

tl]eolmrvccl  total clcc.tron  content.

‘J’he raclial  clcpcnclencc of the c.orrcctccl  clc:ctro])  contclit, (now the clcc.tron  coatcllt  of
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the coronal  hole a]oac),  the exponent  Yl, and the electron density N}, at 1 AIJ is fitted  for

various Ii)L b-y using the nonliacar  least-squares Marquardt  method  as dcscribccl in lkwington

& l{obinson  (1992).

‘1’hc  above procedure is then appliccl  to those tracking  ])asscs  having the proximate ])oillt

of tlIc ray path in t,hc coronal st,reamcr mgious,  taking  the rmults  from t,lIc coronal lIOIC as

first guesses.

‘1’his procedure was itxratd  until a balance was attained. %lf-consistent values were

dctcrminccl for the following parameters: A’h, ~}, for the corona] hole and A’,, ~~ for the coronal

st, reamer. ‘1’l)c distant.cs of acceleration tcrlllinatiolk  1/1, and 1?s wcm varied within rciasonablc

rangys t o  examine  their  efrccts  On the above fitted Parameters. III sumlnary,  the clcxtroll

density distributions arc:

(10)

R.csults fO~ the coronal Strcalllcr

IIcnsity  Profile ltigure  5 shows the total clcctroll contcut,  avcragwl over the elll,irc

Lrackirig  ~mss (tyl)ically N8 hours duratio)])  froln all corona] st, rcamcr  tracking ~xwscs.  ‘J’lIc

error  Imrs do not inclicate  a statistical obscrvatiotla] error, hut  ratllcr  a 4 0 fluctuatio]l  of tllc

elcx’trol~  coIIlmIIt  cluriug the tracking lmss  duc to tllc Lurbulc[lce of t,lic  coronal mcxliulll.  ‘1’hc

error iu tllc determination of the l)ropagatioll dc]ay of the radio si~na]s  is ill the order  of :1 8 ns

corrcs])o]]di]]g  to au error in electron  contcvlt of :1-35 hmcms, ]nuch smaller tlla]l the ty])ical

fluctuation of at least, several hundred lIcxcms. ‘]’]Ic solid poilit,s  in l;ig. 5 arc the observed

data,, the triangles rcl)rescnt  the corrcctcd  data. It is clear that the Io\v dmlsity  coro]ial  hole

regions do not contribute significantly to the strcalncr c.lcctroli  c.ontcnt. [ :.-”-- ”--l’igurc 5

l~igurc G shows one result of the nonlinear least-squares fit for li~ =- 80 ItE). ‘1’lic  thick

so]id ]inc rc])rescnts  t,hc clec.tron  density ])rofilc  according to (5) writll NS u 10.5:!- 1.3 CIII - 3 aIId
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y = 0.4+ 0.2, coorcsl)onding  to a raclial  electron density falloff  w r’ 24 insiclc It. = 80 I{ E). ‘1’he

thin sc)lid  lines rcprcscmt  t,hc *O statistical error  from the fit proccxlurc. ‘J’he density  ~)oints

with error  bars were calculated from t,hc corrcc.tcd  clcctroll content  of each tracking lxms. Figure  6

IJigurc 7 shows the results frolo the nonlinear least squarcsfit  for varying distances 1{..

‘J’hc value of ys remained remarkably constant at ~, == 0.4 for increasing 1?s, but  the error

dccrmrscd  significantly from 20070 at It$ == 40 IL. to 20CZ at ]?S == 210 I LO. ‘1’hc density NS

decrcascs  for larger I?S from NS = 13.3 3 1.6 cm ‘ 3 at ]{~ =- 40 }tc) to hr~ = 7.3 c1 1.2 CIII-3

at 1{~ =. 210 ILo. Assuming a typical density of 10 cm
-3 at I AU, the tcrlnination  of the slow

wind acceleration should be located bctwmn  60 RC) and 90 ItE). ‘J’his  is in agrecmcmt wit])

IIcdios in situ observations (SchwcmH et al., 1981). r “--’””---”Figure  7.

1 nferrecl velocity profllcs hlass  flux conservation from tile inner corona to 1 AU

requires that:

v(lt) . N(lr?) . A(l/) :- v~ o A’s . As =- constant (11)

wllcrc v(]t)  is the solar wind spccci  at solar ofikct distallce 1{, and A’(lr’) varies accord i]ig

to (10). ‘1’hc cross sectional area  A(]l) of the strca~n t,ubc varies I)roIJortional  to li2 and

v~ . AT~ , As =- co7Mi is the mass flux at 1 AU. ‘J’ho divergence of Not) froltl  the sirn])lc  r’ 2 l a w

is arl indicator of the acceleration of the solar wind. OIIcc the acceleration is tcrininatcd  (at

1/}, and lts for tlrc corona] ho]c and tile coronal streamer, rcs~)cctivc]y),  the electron clcnsity

dcllsity varies as r ‘2 and y == O. Usilrg (1 1 ) and (10) it follows for the velocity ZJ(lt) rclat,  ivc to

(12)

‘]’hc velocity of the slow solar wind stream thus varies as P4 over tllc distance range

ulrdcr corrsidcration  (1’’igurc  8) ou t  to the clisl,ance  of ac.cdcration  Ixrminatliorl  1/s. L - - - -k’igure  8

Results for the corolla)  ~-~ole

Illlfortullatc]y,  the liumbcr of coronal hole tracking l)assm is c.ollsidcrably  lCSS than those

of the corona] streamer passes (I:igurc 9). only four passes close  to the Sun lmtwccrl  5 and 8

1/(,) and seven Jxisscs  betwccw  3.5 and 43 ll’E). were foullci  to be useful. lt~lwatirlg  the analysis
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of tlIc previous section for coronal strcwncr passes, the solid poi]lts  ill IJig,  9 rcprcsmlt  the

total clmtron  content measurements avcragecl over f,hc tracking pass. ‘J’hc triang]cs  denote

the electron c.ontcnl,  corrcctccl  for the average coronal strcamm colltributiol~s. I!VCI) if LIIC

l)roxilllat,c~  )oilltoftllcray  path islocatcd  in a coronal llolc,  tllccoIltriblltioIlsf  rolll the coronal

strcamm rcgionsdominatcthc  total electron content. in order todcrivc  aclcasity profi]c ill a

coronal lIOIC, it is absolutely necessary to c.orrcct the clata for i,llc  streamer coutributio]ls.

l“igurc 10 shows the electron density profile (thick solicl  line) for lit, = 15 Ro, for whic]l

NIL :-4.3  z]. 2.9 CIII-3 and ~h = 1.944-0.01. ‘J’his  corresponds to a. radial  electron density falloff

cxpc)ncnt  of –3.9 inside ]~h and –2.0 outside lit,. Ullfortunatcly,  t]lc data, yic!]d ]argc errors in

N}, and adecrcasc in TI, for an increase ofl?h from 10t030  I{@j (sccl’ig.  11). “J’aki]lgtypical

Values of 3 cm ‘ 3 for a fast wind density at 1 AIJ (1’hillips  ct al., ]995),  l?h s]loll]d k! ill t h e

rallg;c  10-20 ILm. ‘1’his is in agmmcnt with recent  11’S observations of a polar corolla]  hole

indicating tllel,ermination  of thefast  solar wincl  acceleration at 10 lt~ (Grail ct al., 1996).

Discussion

A comparison with the Spartan 201 electron density obscrvatiomin  polar coronal holes

(I$isllcr  &, Guthartakurta,  ]995) shows that the inferred elcctroll dcllsitics from this study  arc

too Iligll  forcomnal  hole densities. A closc~ll)  oftlic~totz~l  clectlc)li  cc)lltclltissl~o~tli  ill l’ig. 12.

l’;acJL  ranging  ])oint from the coronal hole tracking passes on 1 JOY 245 to 248 (32 to 43 ItCl)

is I)lotted. ‘1’hc  total  electron content follows a “zig-zag” pati,crn,  whicl]  has been intcrprctcd

by Woo (1996) as the signatures of coronal plulncs similar to those Sccll ill polar Coronal  holes

i n  M’llitc  light data (l~ishcr IQ. Gul,llatakurta, 1995), I)ut now extending further  out iliLo  tllc

corolla IIear equatorial latitudes.

Sillcc the distance of the fast wind acceleration ter]ninatioli  lit, is surely inside 30 1{~),  the

radial  dcllsity profile should vary ])ro])ortionally  to r- 2 outside 11}, and tllc dcllsity N}, at 1 All

can bc calculated from the corrcc.tcd  clcctroll  contmt  data in tlic distallcc  range 34 to 44 ItE).

‘1’hcse calculated densities arc plotted in Fig. 13.

‘J’lic large-sc.alc variations in the clcci,ron  colltcnt  (approximatc]y  500 hcxcms over 1.5

[~’:igure  9

[ -Figure 1

[.”-----:”::Figure 1

[:- -_ . . . . .l“igure 3
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days) cw,not  bc eliminated by subtracting only an avcmgc contribution fro*n the stmamcr

regions. ‘l’his leads to the relatively large average corona] 1101c column dmlsities  and,

collsequcnt]y, the ]argc variations ill h’h SIIOWII  in ltig, 13. If tllc ]ow-]atitudc  corolla]  l)lulnc

interpretation of Woo (1996) is correct, the densities in these structures arc comparable to the

densities in coronal strcarncrs.  Assuming that the lowest clcnsities  in Fig. 10 represent typical

hole densities at about 30–40 lt~ and comparing these clclwitics  with the inferred densities in a

coronal streamer for the  same distal~cc  (Figure 6), the strcalncr-to-hole density ratio is found

to be a factor  of ten, which is in agrccnlcnt  with the Spartan-201 results (Guhatllaliurta  &

l~isher, 1995).

‘J’hc conclusion drawn from this study is that all electron density  profiles inferred from

corollal raclio  sounding, particularly during tilnes of high solar activity, arc dolninatcd  by

coronal streamer contributions. ‘1’hc radial density profiles arc thus more applicable to

coronal streamers, confinccl  to a limitml latitude range about  tile IICS, and arc r~oi gc]icrally

rcl)resclltative  of a large-scale lncan corolial  electron density profile. Ollc llotal~lc  cxcel)tion to

tlliswas  tllclJlysscs  solar conjunction of 1995, wllc11  tllc:l])l):~rcl~  ttl:tckof  tllc’sl~acccr:if  till  t,llc

plane ofthc sky crossed all hcliograp]lic  latitudcsovcra  IIarrow rangcof  IIclioc.clltric  clistanccs.

l~or this unique case a definite distinction between coronal holes and coronal strcalllc:lsc.olllcl

bedra.wn  (1’litxold  et al., 1995; IIird et al., 1996).

‘l~igure  1
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Figure Captions
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l“i.gure  1. Colljunctioll  gcolnctry  for corolla]  radio soulldillg. ‘1’lIc two IlclioccIitric  radius

vccl,ors E’(Sun-l’;arth)  and Ii (SuI1-lJlyssM)  a~ld tlIc radio ray lJatlL Ffrom  lJlyssM  (U1,S) LO t]lc

l;artll  (d)) lie ill t h e  so--called  raclio sounding  j)laIIc~, Ivllicli dots lIot  necessarily coillc.idc  with

tlleccli~)tic ]jlaIi(>o ltllcso lalc:c]uator. ‘J’lIc  vector ii is the radius vector  to tlIc ])roxiluatc J)oiIit

ofthc radio ray }mth to the Eiuu. AT(7’)  is tlIcelcctroD  dcIlsity  aloIIg t,hc ray ]mtlI  at a distarlcc

? frolu tllc suII. ‘1’he  augle bctwecI\  l,]lis  vector  Falld t]lc vector tlis /3.
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I’igure  2. Contour plot of the polarized brightness (p]]) in ~vhite light, using synoptic observa-

tions from the Mk3 coronagraph  of the }Iigh Altitude Observatory on Mauna l,oa, Hawaii, for

Barrington rotations 18z15 and 18-16. Overlayed is the trace of the heliospheric currerlt  sheet

(thick solid line), as inferred from potential field calculations (source surface maps) using syn-

optic observations from the ITilcox  Solar Observatory. Some examples of radio ray paths from

L-lysses to the E;arth are projected on these maps.
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l’i.gure 3. Conjunction :;cIolnctry  of a coroaal  stmall)er  trac.liillg  pass. ‘1’hc  proxi]llate  point

of I,lle radio ray path 1/ is locatccl ill a coronal strca Incr (gray area) with llolc/stmaJllcr  and

si,Immcr/holc> boundary angles bz and b~, rcspcctive]y. ‘J’hc positions of Ulysses (UIJS)  and

LIIC l;arth d) are located ill a coronal hole. ‘J’llcl)oundary  angles b], bG and bs, b.1 rcllcct tl]c

]msitiollsoll  the ray ])atllk  vl}crct  l)csolilrlttil~cl  ac.c,clcrai,ioll  oft,l~cfastlvincl  alld tlleslowwilld,

rcslwctivcly,  is tcrminatcclo
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l“igure  4. Conjunction geometry of a coronal lIOIC tracking  ]mss with tllc proximate Imint of

t]lc ray pat]l ]t ]ocatccl  in a coIoIIal  hole.
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]“igur’c! 5. ‘l’oLa]  dcctron contc!lit  mcasurclllcllts  (so]icl points) in a]] coronal streamer tracking

]jasscs  as a function  of the closest approac]l distal]cc of the proximate point of the ray ])atll to

tllc sun. ‘1’hc electron content  corrcc.td  for tllc coIoIIal lIolc  contributioIls  along tlIc ray J)at,ll

is rcprcsclltd  by t,rianglcs. ‘J’hc error  bars rcprmxvlt  t,lIe +0 fluctuatio~l  of the clcctroII  coI]tcnt

doe Lo tlIc turbulent solar wind mcclium  a]ld does ?Lot rcprcsc]it  a statistical ol~scrvatior]al  error.

‘J’hc sin.g]c  power law dcpenc]cncc  of the olxwrvcd  clcctroll content found by IIird et al. (1 994)

is slIow Il for comparison.
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Figure G. lllfcrrd clcctrol)  dcllsitics from the nolilillcar least-squams fit for lt~ =: 801/@. ‘J’hc

thick solid lillc  is tllc clcnsity profile of the fit parameters N. = lo.5+1.3c.m-3  and ‘y~ =- 0.43 0.2.

‘1’hc  two thin solid lines arc t,hcz:a error of tllc profile. A ~~ = 0.4 corrcspollds  to a. radial fallofl”

cx~)oncnt for the dcnsil,y profi]c of –-2.4. ‘1’lIc ]Joillts  with error  bars are I,IIC talc.ulatcd electron

dcllsitics froln I,hc corrected  clcctro]l  co])tcnt of cacll  tracking  pass.
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]“igure  7. Non]incar  fit rcsuli,s  YS (u])pcr  paad) and NS (lower pa~lcl)  for various 1/S. ‘J’ypic.al

dcnsiiy  values of 10 cm ‘ 3 observed at 1 AU in slow solar wind streanls  suggest  a range  for ILS

bctwcm  60 1{0 and 90 I{C).
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Figure 8. Slow solar wincl sped as infcmcl  from the streamer electron density  profile assul~}illg

]nassflux  conservation.
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}“igurc  9. ‘J’otal  clcc.tron c.ollt,cnt  Illcaslllclll(:llts  ill coro]~al  llolc tracking  ]msscs  as a  fullctio]l

of tl)c closest approach distance of t,hc ]>roxilnate ])oillt  of the ray path to tllc Su)). l’;vcry tcllth

raIlgi]lg  poi]lt of the tracking  lmsscs,  rai,hcr t,lla~l a  va lue avera~cd over tllc tracking l)ass,  is

SIIOWI)  as a solid poi]it. ‘J1lIC electron content corrected for tlic corona] hole contributions along

the ray path is rcprcscntcd  by triangles. ‘]’]lc [!rror l~ars  rc])rme]lt  t,llc 4 CJ fluctuation of the

elect ron content  duc to the turbulent solar wind medium. ‘1’hc  siuglc power law dcpcnde]icc  of

t,he observed cdcctron content found by IIird CL al. (1 994) is shown for comparisoll.
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Figure 10. lnfcmd  electron dmwitics  from the nonlinear least squares fit for It}, = 151t~i.

‘1’hc thick solid line is the density profile of the fit ]mramctcrs  N}L =-- 4.3 + 2.9 cm’ s and

7’}, “ l.~~+ O.o1. ‘1’hc  two thin solid lines arc tlic +o errors of the profile. A ?I, = 1.94

corrcs})olids  to a radial  fall-oil cxponcmt for the dcllsity ])rofilc of -3.94. ‘J’hc ]~oints with error

bars arc i,hc talc.ulatxxl electron densities froln the cormctcd  electron c.ontcnt  of cac.h tracking

])ass.



swresult.sgl/D21  swJ9rf10.ps

12

10
8

6

4

2

0
-2

i

I coronal hole\
L..._–.

1-L— –.+
5 10 15 20 25 30 35

5 10 15 20 25 30 35

Flh [solar radii]

Figure  11, ]tcsults  from the nonlinear least-squam fit paramctm  T}, ant] N}, ill a corona]

l]olc  for various ItIL.



*

rr- 29

.V4gf111  ,.J1K172 .Wlqrlll p.

solar offset [solar radii]
32 34 36 38 40 42 44

2900

2700

2500

2300

2100

1900

‘.

*

“. u
__ $ ‘.

●

‘.
‘.

‘. 4
●

,’
‘. .’

‘, .“
.’‘.

.’‘.
.’‘.

d\ 4,
‘.

‘: ●

● ’,%

1700
245

.——-- - .- —.+—... .—.  —b1 . . . . . -----.
246 247 248 249

day of year 1991
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“zig-zag” pattern CIUC either  to fluc.tuatiol]s  ancl cvcmts in the strcmncr Icgiolw which dolnina,tc

tll(:colltlil]litiollst otlletotalc  lcctroll  colltcllt or] Jellla]Jst  ololv-l:ltitLlclcc  orollal  p]umcs (\Voo,

1996).
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IJigure 13. l’;lectron dcllsitics at 1 >\l;  calculated fro]]) the corrmtml  corona] hole clcctro~l

coIItcIIt data  in the distance  range 33 to 44 ILc). ‘1’jle dellsit,y  varies f r o m  tylJical  fasl  lvillcl

clcnsitics  of 3 CIII ‘3  to much higher values  near 10 cm-3.


